Black patients receiving dialysis for end-stage renal disease in the United States have lower mortality rates than white patients. Whether racial differences exist in mortality after acute renal failure is not known. We studied acute renal failure in patients hospitalized between 2000 and 2003 using the Nationwide Inpatient Sample and found that black patients had an 18% (95% confidence interval [CI] 16 to 21%) lower odds of death than white patients after adjusting for age, sex, comorbidity, and the need for mechanical ventilation. Similarly, among those with acute renal failure requiring dialysis, black patients had a 16% (95% CI 10 to 22%) lower odds of death than white patients. In stratified analyses of patients with acute renal failure, black patients had significantly lower adjusted odds of death than white patients in settings of coronary artery bypass grafting, cardiac catheterization, acute myocardial infarction, congestive heart failure, pneumonia, sepsis, and gastrointestinal hemorrhage. Black patients were more likely than white patients to be treated in hospitals that care for a larger number of patients with acute renal failure, and black patients had lower in-hospital mortality than white patients in all four quartiles of hospital volume. In conclusion, in-hospital mortality is lower for black patients with acute renal failure than white patients. Future studies should assess the reasons for this difference.
The life expectancy of black Americans is approximately 6 yr shorter than that of white Americans. 1 An extensive body of literature in the past two decades has examined the extent to which racial disparities in the quality of health care may contribute to the poorer health of minority groups. Black Americans, for example, are less likely to receive optimal treatment for acute myocardial infarction (AMI), 2, 3 undergo total hip replacement for severe osteoarthritis, 4 undergo mammography for breast cancer screening, 5 and receive appropriate hospital care for congestive heart failure (CHF) and pneumonia. 6 Racial disparities within nephrology have been investigated primarily in ESRD. For example, compared with white Americans, black Americans receive less intensive maintenance hemodialysis, 7 are less likely to be offered kidney transplantation, 8, 9 and are less likely to receive arteriovenous fistulas compared with grafts for hemodialysis. 10 Despite poorer care, however, several studies have shown that black Americans on maintenance hemodialysis have longer survival compared with white Americans, even after adjustment for the effects of age and other conditions (the median age at onset of ESRD is approximately 8 yr younger among black compared with white Americans). [11] [12] [13] [14] [15] [16] The mechanisms underlying the paradoxical survival advantage for black Americans on hemodialysis are not clear. Potential explanations include racial differences in the response to uremia or its treatment, differences in disease severity and comorbidity, or a "survivor effect," whereby racial differences in survival before the development of ESRD influence the relative health of the black and white populations after initiation of dialysis.
Because of the notable and paradoxical finding that black Americans have better survival than white Americans with ESRD, we sought to examine whether there are racial differences in the response of patients to episodes of acute renal failure (ARF). We hypothesized that black patients would exhibit lower in-hospital mortality after ARF compared with white patients.
RESULTS

Characteristics of Patients and Hospitals
White patients were on average Ͼ8 yr older than black patients with ARF, without ARF, and with ARF that required dialysis (ARF-D; Table 1 ). Black patients were more likely than white patients to have Medicaid insurance and to reside in a zip code with median income under $25,000. Black patients were most heavily concentrated in the southern United States and were more likely than white patients to be admitted to a teaching hospital. White patients with ARF were evenly distributed across hospitals according to the number of ARF-D discharges per year (from lowest to highest quartile 24.9, 25.0, 26.0, and 24.0%); in contrast, black patients with ARF were more likely to be admitted to hospitals with a higher number of ARF-D discharges (from lowest to highest quartile 16.8, 22.6, 26.8, and 33.7%; P Ͻ 0.001).
A higher proportion of black patients with ARF underwent dialysis than white patients with ARF (11.7 versus 9.4%; P Ͻ 0.001). This pattern was observed in every region of the United States, in teaching and nonteaching hospitals, in urban and rural hospitals, and in every quartile of hospital volume of ARF-D (data not shown).
The diagnoses and procedures that accompanied ARF differed according to race (Table 2 ). For example, coronary artery bypass grafting (CABG) was a listed procedure in 3.6% of white patients with ARF-D but only 1.1% of black patients with ARF-D. White patients with ARF and ARF-D more often had CHF, AMI, and chronic kidney disease (CKD) than their black counterparts. The racial distribution of diagnoses and procedures among patients without ARF generally mirrored the distribution in patients with ARF, with the exception of CKD, which was more common among black than white patients without but not with ARF. The mean Deyo-Charlson Index (D-CI) was similar in both groups, but the distribution varied, with black patients more likely to have D-CI Ն6. White patients were more often discharged to a skilled nursing facility than black patients. Length of stay (LOS) was similar between the two groups.
In-Hospital Mortality
Age-standardized in-hospital mortality was lower among black patients with ARF and ARF-D than white patients (Table  3 ). This finding was consistently observed in both genders, across all insurance types, in every geographic region, in rural and urban hospitals, and in teaching and nonteaching hospitals. For nearly every diagnosis and procedure type examined, age-standardized in-hospital mortality was lower among black than white patients with ARF and ARF-D. In every quartile of hospital volume of ARF-D, black patients with ARF had lower age-standardized in-hospital mortality than white patients with ARF (data not shown).
The results of logistic regression models to examine in-hospital mortality are shown in Table 4 . In unadjusted and adjusted models, black patients had significantly lower odds for death than white patients. In the fully adjusted model, black patients with ARF had 18% (95% confidence interval [CI] 16 to 21%) lower odds for death than white patients with ARF; the odds for death for black patients with ARF-D were 16% (95% CI 10 to 22%) lower than those for white patients with ARF-D. Lower odds for death among black patients with ARF were observed consistently across the spectrum of age (data not shown). Figure 1 shows the multivariable-adjusted odds for death in black patients with and without ARF compared with white patients with and without ARF across a spectrum of diagnoses and procedures. Black patients who underwent CABG without developing ARF had a 34% (95% CI 19 to 52%) higher odds for death than white patients, but with ARF, black patients had a 27% (95% CI 13 to 38%) lower odds for death than white patients. Similarly for AMI, black patients had a 13% (95% CI 8 to 18%) higher odds for death without ARF but a 10% (95% CI 3 to 16%) lower odds for death with ARF. In every diagnosis or procedure stratum examined except for acute hepatic failure, black patients with ARF had lower odds for death than white patients, although the differences were of borderline statistical significance for patients with CKD or acute pancreatitis. Qualitatively similar results were observed in patients with ARF-D ( Figure 2 ).
Missing Race Data
A total of 154,792 discharges with ARF were missing race information. Compared with the 399,928 black and white patients with ARF, those with missing race information were more likely to be from the Midwest (missing 47.3 versus black/white 15.0%), less likely to be from the northeast (4.6 versus 29.8%), and more likely to be discharged from a rural hospital (18.3 versus 9.5%). The age-standardized inhospital mortality was 17.9% for patients with missing race information and 19.7% in black or white patients included in our analyses.
DISCUSSION
In a large sample of hospital discharges from 2000 to 2003 including 26 states across the United States, we found that black patients with ARF and ARF-D had significantly lower in-hospital mortality than white patients with ARF and ARF-D. Our findings persisted after adjustment for age, gender, and comorbidity. These findings were consistently observed across hospital types, geographic region, hospital volume of ARF-D, age and gender, and some but not all concomitant diagnoses and procedures. In no diagnosis or procedure stratum did we find that black patients with ARF or ARF-D had significantly higher in-hospital mortality than white patients. These findings are paradoxical in light of the overwhelming evidence of racial disparities in access to care and the quality of medical care that black Americans receive. For example, black patients are admitted to the intensive care unit with a higher severity of illness 17 but receive fewer resource-intensive interventions than white patients. 18 What could account for the lower in-hospital mortality of black patients with ARF and ARF-D? Differences in case mix were evident between black and white patients with ARF. For example, CABG, CHF, and AMI all were more common among white patients with ARF than black patients. However, differences in case mix alone could not account for our findings in stratified analyses. We found lower in-hospital mortality for black patients with ARF and several associated diagnoses and procedures, such as pneumonia, CHF, sepsis, AMI, CABG, gastrointestinal hemorrhage, and cardiac catheterization and percutaneous coronary intervention (PCI).
We also found that the relation between race and mortality differed by whether ARF developed (i.e., effect modification) in a number of diagnoses and procedures. Black patients who underwent CABG or had AMI had higher in-hospital mortality without ARF (and overall, as shown previously) 2,19 -21 but lower in-hospital mortality when ARF developed.
Differences in LOS can confound studies examining inhospital mortality. For example, Jencks et al. 22 found that an apparent survival advantage in patients who were hospitalized in California versus New York was due to significantly shorter LOS in California. We were unable to ascertain 30-d mortality because the Nationwide Inpatient Sample (NIS) does not permit individual patient-level analyses after discharge. However, differences in LOS are an unlikely explanation for our findings, because black and white patients with ARF and ARF-D had comparable LOS. More frequent discharge to skilled nursing facilities can also bias in-hospital mortality comparisons. In our study, white patients were more likely than black patients to be discharged to skilled nursing facilities, which would tend to lower the observed in-hospital mortality for white patients more than for black patients.
Several clinical factors could partially explain the findings observed. We found that black patients were on average 8 yr younger than their white counterparts with ARF and ARF-D. Black patients were also Ͼ9 yr younger than their white counterparts without ARF. Older age is a well-established risk factor for ARF [23] [24] [25] [26] ; despite the younger age of the black population, the risk for ARF was comparable and in fact slightly higher than that for white patients. It is noteworthy that a younger age at disease onset has also been observed in ESRD. The association between younger age and ARF and ESRD among black patients could reflect an increased susceptibility to ARF and progressive CKD. A higher risk for developing ARF among black patients has been found in other studies. In a study of hospitalized Medicare beneficiaries, Xue et al. 27 found that ARF was 1.5-fold more common among black than white patients. In two studies using clinically detailed databases, Bridges et al. 21 and Thakar et al. 28 found that black patients have a significantly higher risk for ARF after CABG than white patients. A comparison of patients by race after ARF was not reported in the study by Bridges et al.. 21 In the study by Thakar et al., 28 the authors found lower in-hospital mortality among black patients with ARF, but this difference was not statistically significant; however, only 849 black patients were included, approximately 5% (n ϭ 42) of whom developed ARF, suggesting that the study was underpowered to detect mortality differences in ARF according to race. In addition, the investigators did not address the possibility of effect modification by race, which we have shown to be present in CABG-and ARF-related mortality.
If a more modest toxic or metabolic insult were required to cause ARF in black patients-perhaps as a result of lower nephron number associated with lower birth weight, 29 higher prevalence (or increased severity) of diabetes, 30 or other social and/or biologic determinants-then the population of black patients with ARF could have less severe associated (nonrenal) disease than white patients with ARF. Unmeasured confounding by severity of illness could explain higher mortality among white patients; however, on the basis of a similar mean D-CI and a higher fraction of black patients with D-CI Ն6, it does not seem that black patients were healthier than white patients overall. Moreover, the consistency of the findings across underlying disease and procedure strata suggests the possibility of a biologic basis for the observations. The consistency of our findings across the spectrum of age suggests that the marked age difference among white and black patients did not account for the observed mortality difference with ARF. It is interesting to note that a larger fraction of black patients with ARF received dialysis than white patients with ARF. This finding contrasts with the pattern observed for other resourceintensive procedures, such as total hip replacement 4 and cardiac catheterization. 2, 3 It is unclear why black patients with ARF were more likely to undergo dialysis than white patients with ARF. Possible explanations include greater severity of ARF in black patients, higher creatinine values in black than white patients (which could lower the threshold for physicians to initiate dialysis in the setting of ARF), younger age of black patients with ARF, and differing coding practices by race. The finding that black patients with ARF were more commonly discharged from hospitals with high volume of ARF-D did not account for the higher likelihood of dialysis, because black patients with ARF were more likely to undergo dialysis in every quartile of hospital volume of ARF-D. Similarly, hospital volume of ARF-D was unlikely to account for the racial differences in mortality for ARF, because the mortality differences were present in every quartile of hospital volume of ARF-D.
Some studies have demonstrated racial differences in biologic processes that are central in the pathophysiology of ARF, such as abnormalities in endothelial function, 31, 32 oxidative stress, 33 and inflammation. 34, 35 Whether these differences could account for the paradoxical findings by ARF status deserves further investigation. Furthermore, the parallel findings of improved survival for black patients with ARF and ESRD and emerging evidence of a similar pattern in CKD 36 suggest that the response to uremia and to the provision of dialysis may vary by race. Although biologic differences may be evident, investigators should be cautioned that race is also a social construct and that observed differences in clinical outcomes across races may have social or economic underpinnings. 37 This study has several strengths, including the large sample size, multiregional representation, and inclusion of all Figure 1 . Multivariable-adjusted odds ratio for death among black patients with ARF (A) and without ARF (B), stratified by selected concomitant procedures and diagnoses. Multivariable models adjusted for age, gender, need for mechanical ventilation, and D-CI. The reference group is white patients with the corresponding diagnoses and/or procedure. Point estimates are represented by the symbol and 95% confidence intervals by horizontal lines. Values Ͻ1 denote lower in-hospital mortality for black patients. Results are stratum specific (i.e., represent differences in odds for death for black versus white patients for a given procedure or diagnosis) and are not comparable across strata. P values for the interaction term (ARF * race) were as follows: CABG Ͻ0.001, catheter/PCI Ͻ0.001, AMI Ͻ0.001, CHF 0.72, CKD 0.31, pneumonia Ͻ0.001, acute pancreatitis 0.09, sepsis Ͻ0.001, gastrointestinal (GI) hemorrhage 0.25, and acute hepatic failure 0.86. CLINICAL EPIDEMIOLOGY www.jasn.org payer types. We had the capacity to examine the major study question across multiple strata of underlying diagnoses and procedures and demonstrated the consistency of the main findings. Limitations of this study include the lack of laboratory and other detailed clinical data during the course of ARF; potential for misclassification (likely nondifferential 38 ) of race in hospital discharge abstracts; lack of information on causes of death or postdischarge vital status; inability to track individual patients to account for readmissions; and inability to determine the extent of recovery after ARF, including the likelihood of requiring maintenance dialysis.
Information on race was missing in approximately one quarter of the total data set, the majority (82%) from 11 states that did not provide race information on hospital discharge abstracts. Still, discharges from every region in the United States were included in the final data set, enhancing the generalizability of our findings. We found lower in-hospital mortality among patients with ARF and no recorded race information. The racial makeup of patients without race information is of course unknown; the survival benefit observed for blacks with ARF could have been overestimated if the majority of discharges with missing race information were white. Conversely, we could have underestimated the survival benefit for black patients with ARF depending on the racial distribution of hospitalized patients in the 11 states cited. The states that did not provide race information had slightly lower overall black populations (11.4% of total) than states that did report race (12.5%). 39 However, the consistency of our findings across regions of the United States suggests that missing data were not a major source of bias.
The reliance on International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes may also be problematic, particularly for ARF. We recently demonstrated that ICD-9-CM codes have low sensitivity (35.4%) but high specificity (97.7%) for ARF using conventional diagnostic criteria; the sensitivity, specificity, and predictive values of ICD-9-CM codes for ARF-D, conversely, each exceeded 90%. 40 An apparent increased risk for ARF among black patients (and potentially lower in-hospital mortality) could be observed if black patients were more likely to be coded as having ARF, but in the three-hospital study in which ICD-9-CM codes were compared with serum creatinine-based definitions of ARF, we found no significant difference in the sensitivity of the ICD-9-CM code for ARF among black compared with white patients (39.2 versus 35.5%; P ϭ 0.12). 40 Furthermore, our findings of significant mortality differences between black and white patients with ARF-D, for which ICD-9-CM codes are reliable, support the validity of our conclusions. Although we do not believe that coding practices could explain the large and consistent findings here, we do not have individual patient-level clinical data to review from NIS.
Black patients with ARF and ARF-D have lower overall inhospital mortality than white patients. Potential explanations for this finding, such as differences in susceptibility to kidney injury, severity of illness, or the response to uremia, deserve further investigation.
CONCISE METHODS
Data Source
We analyzed data from the 2000 to 2003 NIS, the largest all-payer administrative database in the United States. The NIS captures patient-and hospital-level data from a stratified probability sample of hospitals from states participating in the Healthcare Cost and Utilization Project. The NIS provides data on patient demographics, hospital characteristics, in-hospital mortality, disposition, LOS, and up to 15 diagnosis and 15 procedure codes based on the ICD-9-CM. The database has been used for a variety of clinical investigations, includ- Figure 2 . Multivariable-adjusted odds ratio for death among black patients with ARF-D and selected concomitant procedures and diagnoses. Multivariable models adjusted for age, gender, need for mechanical ventilation, and D-CI. The reference group is white patients with the corresponding diagnoses and/or procedure. Point estimates are represented by the symbol and 95% confidence intervals by horizontal lines. Values Ͻ1 denote lower in-hospital mortality for black patients. Results are stratum specific (i.e., represent differences in odds for death for black versus white patients with ARF-D for a given procedure or diagnosis) and are not comparable across strata.
ing previous studies examining racial differences in the outcomes of hospitalized individuals. 19, 41 
Patient Population
The NIS 2000 to 2003 contains information on 30,735,429 discharges. We analyzed data from discharges of patients who were at least 18 yr of age and had race reported as black or white (n ϭ 15,820,871). Eleven of the 38 participating states (GA, IL, KY, ME, MN, NE, NV, OH, OR, WA, and WV) in the NIS did not report race information and were therefore excluded from the analyses. Data from these states accounted for 82% of all discharges missing race information. We identified patients with ARF by the presence of any of the following ICD-9-CM codes: 584.5 (ARF, with lesion of tubular necrosis), 584.6 (ARF, with lesion of cortical necrosis), 584.7 (ARF, with lesion of renal medullary necrosis), 584.8 (ARF, with other specified pathologic lesions), and 584.9 (ARF, unspecified). To avoid inclusion of patients who were admitted for initiation of hemodialysis for ESRD, we excluded 4393 discharges with procedure codes for arteriovenous fistula or graft creation (39.27, 39.42, 39 .43, and 39.93), leaving 399,928 with ARF. We identified the subset of patients with ARF-D (n ϭ 39,264) by the additional presence of the procedure code for hemodialysis (39.95), which includes continuous renal replacement therapies such as continuous venovenous hemofiltration and hemodiafiltration. We also identified patients with the following diagnoses and procedures commonly associated with ARF (see Appendix 1 for ICD-9-CM codes): CHF, AMI, pneumonia, sepsis, CKD, acute pancreatitis, acute hepatic failure, gastrointestinal hemorrhage, CABG, and cardiac catheterization and PCI. More than 99.5% of discharges had complete information for multivariable logistic regression models.
To determine a proxy for the activity and experience with dialysis for ARF, we divided hospitals into quartiles according to the annual number of discharges with ARF-D. The median number of ARF-D discharges per year for hospitals included in this analysis was 36 (interquartile range 16 to 67).
Statistical Analyses
All analyses were performed using survey procedures in SAS version 9.1 (SAS Institute, Cary, NC) or SUDAAN version 9.0 (Research Triangle Institute, Research Triangle Park, NC) to account for the complex survey design of the NIS. Frequencies, means, and medians were calculated with the use of sampling weights. Given the large size of the data set, extremely small differences between groups may be statistically significant, and for that reason, P values are not presented.
To compare in-hospital mortality between white and black patients with ARF, we fit a series of logistic regression models. First, we fit unadjusted logistic regression models to estimate the odds for death for patients according to race. Then we fit age-(10-yr intervals) and gender-adjusted models and multivariable models, the latter incorporating the D-CI and the presence or absence of mechanical ventilation to adjust for comorbidity and severity of illness. The D-CI is the sum of the weighted number of comorbid conditions based on 17 diagnostic categories identified from ICD-9-CM diagnosis codes. Comorbid conditions represented in the D-CI include AMI, CHF, CKD, diabetes, liver disease, and cancer, among others. 42 We compared in-hospital mortality between white and black patients without ARF, with ARF, and with ARF-D in the following diagnostic or procedure strata: Sepsis, CKD, pneumonia, acute hepatic failure, acute pancreatitis, gastrointestinal hemorrhage, AMI, CABG, and cardiac catheterization and PCI. Effect modification by the presence of ARF was tested by entering the multiplicative interaction term (ARF * race) into multivariable models. Generalized estimating equations for logistic regression models were used to account for the complex survey design of the NIS and to adjust for clustering of patient outcomes within hospitals.
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